We present e cient algorithms to model a collection of scattered function data de ned on a given smooth domain surface D in three dimensional real space IR The smooth polynomial pieces or nite elements of F are de ned on a three dimensional triangulation called the simplicial hull and de ned over the domain surface D. Our smooth polynomial approximations allows one to additionally control the local geometry of the modeled function F. W e also present t wo di erent techniques for visualizing the graph of the function F.
Introduction
In this paper, we consider the following problem: Given an arbitrary collection of points P = fx i ; y i ; z i ; F i IR The problem of modeling and visualizing functions sampled on physical objects arises in several application areas: characterizing the rain fall on the earth, the pressure on the wing of an airplane and the temperature on a human body. A n umber of methods have been developed for dealing with this problem for surveys see 3 , 7 . Currently known approaches for approximating function-on-surface data however possess restrictions either on the domain surfaces or the function-on-surfaces. The domain surfaces are usually assumed to be spherical, convex or genus zero. The function-on-surface are not always polynomial 4 , 8 or rather higher order polynomial 9 or a large number of pieces 1 compared to the approach of this paper. The method of 1 is a C 1 Clough-Tocher scheme that splits a tetrahedron into 4 subtetrahedra, uses degree data at the vertices of T is studied in a separate paper 2 . In this paper, we detail the steps c, d and e in x3, x4, and x5 respectively, after the notation and preliminary section x2. ; 4 = , 3 4 , that is p 4 
We shall use these formulas in approximating lower degree polynomials, in x4.
Simplicial Hull
Given a planar triangular approximation T of D containing and not necessarily as vertices the points x i ; y i ; z i o n D, a simplicial hull of D and T, denoted by P , is a collection of nondegenerate tetrahedra which satis es the following:
1 Each tetrahedron in P has either a single edge of Tthen it will be called an edge tetrahedron or a single face of Tthen it will be called a face tetrahedron.
2 For each face f of T there are at most two face tetrahedra above and below f i n P that share the face f.
3 Two face tetrahedra that share a common edge do not intersect in any other region.
This condition is referred to in this paper as non-self-intersection. 4 For each edge there are two pairs of common face sharing edge tetrahedra in P , such that each pair blends the two adjacent face tetrahedra on the same side. Since the given surface is curved and smooth, by adding additional points on D, w e can modify the algorithm of 5 to achieve a T satisfying the above conditions.
For such a T we n o w show h o w to construct a simplicial hull P in two easy steps. The system 4.10 is a solvable in general with one degree of freedom. That is the rank of matrix A is k , 1. Hence the system can be solved. However, if the surrounding tetrahedra at the same side at p 2 are not closed, the matrix A is in the form of A = . Substitute 4.11 and 4.12 into 4.14, so that we h a ve , to be a free parameter, the system can be solved. The Use of Free Weights
In both of the C 1 and C 2 schemes described above, there are some free weights which can be freely determined to control the local geometry of F without a ecting the continuity. W e suggest three approaches or their combinations to achieve this local control. The rst is to modify the shape of F by i n teractively adjusting the free weights. The second is to locally interpolate some of the function-on-surface data earlier approximated by the polynomial in each tetrahedron. The third approach is to least-square approximate some additional lower degree polynomial acting as a controlling function by use of the degree elevation formula of x2. Displaying Iso-contours of F on D We display the iso-contours on the domain surface by showing di erent colors in the region between two iso-contours. In our approach, we a c hieve this by rst generating a planar triangular approximation of the domain surface, and then generating the corresponding four dimensional triangles on F, and nally intersecting these triangles with the iso-values to get the line segments of the iso-contours. Let w be a given iso-value, p 1 p 2 p 3 be a triangle on D. Without is one segment of the contour Fp = w. The collection of all of these line segments form a piecewise approximation to the iso-contours. By increasing the resolution of the triangulation of the domain surface, we can get better approximations of the iso-contours. Displaying Iso-contours and the graph of F in IR 3 Since the iso-contours may not clearly indicate the geometric shape of the function-onsurface, one often plot the function-on-surface in one way or another. One approach i s t o u s e a radial projection from some center of the domain. However, if the domain surface is not convex or has non-zero genus, this projection scheme has di culties caused by self-intersection. 
